In this paper, we proposed beyond wavelets transform based image denoising method. By using beyond wavelet transform, the noised image is firstly decomposed into some low frequency sub-bands and high frequency sub-bands. All the beyond wavelets coefficients of the original image are estimated by Bayesian MAP estimator rule. Experimental results show that the denoising effect is better than the other methods.
Introduction
Generally, because of the imaging devices and the external noise interference, digital images are often degraded during transmission and acquisition process. Image denoising is that how to separate the noise and useful information in a particular space area, so imaging denoising is an essential part in image restoration. Ordinary, the image denoising methods are roughly divided in two parts: spatial domain methods and transform domain methods. Spatial domain denoising is with the classical assumption, that is, the input noisy images are piecewise constant and the neighbor pixels are highly correlated. So, the spatial domain denoising is to filter the nearby pixels. On the other hand, the transform domain methods transform the image from the spatial domain into a different domain and suppress noise in the transform domain (1) . Over the last decades, many of methods have been proposed for image denoising in transform domain, such as Wavelet Transform Denoising. Unlike the sine used in Fourier transform for decomposition of a signal, wavelets are generally much more concentrated in time. They usually provide an analysis of the signal which is localized in both time and frequency, whereas Fourier transform is localized only in frequency. Wavelet Transform can provide optimal representation for piecewise smooth signal of one-dimensional and it also has the tree decomposition algorithms (2) . Useful signal usually contain low-frequency signals and some stable signals, but noise is typically some high-frequency signals. First, the original signal is decomposed by wavelet; noise is contained in the high-frequency coefficients. Then the high-frequency coefficients of wavelet decomposition are quantified by threshold methods. In recent years, some researches have addressed the development of statistical models of Wavelet Domain Denoising, however, the main disadvantage of wavelets in two-dimensions or higher is their limited ability in capturing directional information. To overcome these shortcomings, some researchers have proposed multiscale and directional representations that can capture the geometrical structures very well. Such as Wedgelet Transform, Curvelet Transform, Contourlet Transform and so on. The most simple way of image denoising in the beyond wavelet transform domain is to threshold the beyond wavelet coefficients (3) . Recently, lots of approaches have received many attentions of researchers and have shown good performance in beyond wavelet image denoising methods.
In this paper, we proposed beyond wavelets transform (8) based image denoising method. By using beyond wavelet transform, the noised image is firstly decomposed into some low frequency sub-bands and high frequency sub-bands. All the beyond wavelets coefficients of the original image are estimated by Bayesian MAP estimator rule. The organization of this paper is as follows. We summarize the recent beyond wavelets transform methods in Section 2. In Section 3, combined with Bayesian MAP estimator rule, beyond wavelets based image denoising method will be discussed. We apply the method in some images in Section 4. Finally, a conclusion is presented in Section 5.
Beyond Wavelets Methods
Curvelet transform, Contourlet transform et al can overcome the shortcomings of Wavelet Transform and capture the directional information, so we can call them X-let Transform or Beyond Wavelet Transform (4) . In the below, we briefly introduce the principle of them.
Curvelet Transform
Curvelet transform is a non-adaptive technique for multi-scale object representation. It is being extended by the wavelet concept. They are becoming popular in image processing in recent years.
As a new multi-scale analysis method, curvelet transform is more suitable than wavelet in analysis of curve or straight edge features. It also has higher precision and better sparse approximation expression. It divided the image into sub-bands of different scales in different sub-bands by a filter, then the edge information and the noise information can be clearly separated, at last do a transformation for the each sub-band block (5) .
Contourlet Transform
In 2002, Do and Vetterli proposed an efficient directional multi-resolution image representation called contourlet transform. The main idea of it is that the basic function is approximated with line segments when it is approximation of the original image, in order to express the original image with little coefficients. Contourlet transform contains multiscale analysis and direction analysis. It is decomposed into low frequency sub-band and high frequency sub-band by LP, then be processed by directional filter banks. Contourlet Transform can capture the the direction signal of the image, it is a real two dimensional transform that can capture the intrinsic geometrical structure, and it also has been applied in many image processing. Because of its anisotropy and directionality, contourlet transform better represents the salient features of the image such as, edges, lines, curves, and contours, than wavelet transform. (6) .
Proposed Method
Let us think that an image is corrupted by noise with variance n  . The image with noise can be decomposed by beyond wavelet transform to gain beyond wavelet coefficients. But, in many cases, it does not consider the relationship of the parent and the coefficient. In order to solve this problem, we proposed a new model for image denoising, which based on Bayesian MAP estimator rule (7) . The flowchart of our processing is presented in figure 1 . First, the input noisy image is decomposed to beyond wavelet sub-bands, local neighborhood pixels are estimated by Bayesian MAP estimator rule, and then the new coefficients of reference pixels are gotten. At last, we do a reconstruction for beyond wavelet transform, the new beyond wavelet sub-bands can be got and the denoised image is acquired. By using the Bayes rule, the (3) is equivalent to
Take a logarithm to (4), then
where, K 1-p (u) is the modified Bessel function. c and p are the scale parameter and shape parameter. In this paper, we propose a simple non-Gaussian multivariate PDF to model the noise-free coefficients, considering the relationship between a coefficient, neighbors, cousins and parent. In figure2, we compare the Barbara image denoising results with other methods. (g)and(h) are the results with our proposed methods. From the below table, we can find obviously that, the proposed method is outperforming. The value of PSNR is highest than the others, which is the higher the better. The average improvement in term of PSNR values for test images is approximately 2.5dB. 
Conclusions
This paper presents an effective and useful beyond wavelets based image denoising method, which combines Bayesian MAP estimator rule. A lot of experimental results show that the proposed method surpasses the state-of-the-art methods.
